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ABSTRAK 
 Di dalam air limbah terdapat berbagai molekul amfifilik yang dapat 
menurunkan tegangan permukaan cairan dan menyebabkan pembentukan busa. 
Penelitian ini bertujuan untuk mempelajari dan mendapatkan hubungan antara 
sifat antar muka dan kemampuan pembentukan busa pada surfaktan, campuran 
surfaktan dan protein, serta cairan kompleks (air limbah). Terdapat empat bahan 
(Triton X100, SLES, SDS, BSA) dan tiga metode (metode Wilhelmy, tekanan 
maksimum gelembung, Bikerman) yang digunakan dalam percobaan ini. Tiga 
metode yang digunakan bertujuan untuk mendapatkan tegangan permukaan 
statis, tegangan permukaan dinamik, dan kemampuan pembentukan busa cairan 
tersebut. Berdasarkan hasil percobaan yang dilakukan didapatkan hasil yang 
menunjukkan bahwa terdapat perbedaan sifat permukaan antara surfaktan dan 
protein. Surfaktan memiliki tegangan permukaan yang lebih rendah dan 
kemampuan pembentukan busa yang lebih tinggi daripada protein. Korelasi 
antara tegangan permukaan dinamik dan kemampuan pembentukan busa telah 
ditampilkan. Berdasarkan korelasi tersebut dapat dilihat bahwa sifat permukaan 
air limbah mendekati sifat protein dikarenakan seluruh titik mendekati dengan 
titik pada protein. Dalam penelitian selanjutnya, diharapkan untuk memverifikasi 
korelasi ini dengan jenis lain dari surfaktan dan protein. 
 
Kata kunci : surfaktan, protein, sifat antar muka, kemampuan membentuk busa 
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ABSTRACT 
 The molecules amphiphiles presented in effluent take influence in 
interfacial properties by decreasing surface tension and create foams. This 
research aims to study and find correlation between the interfacial properties and 
foamability of surfactants classics, proteins, mixing surfactants and proteins, and 
also wastewater samples. There are four materials (Triton X100, SLES, SDS, 
BSA) and three methods (Wilhelmy Plate, Bubble Pressure Dynamic, Bikerman) 
which are used. Those three methods can determine static surface tension, 
dynamic surface tension and foamability. The results of experimental show that 
surfactants and proteins have different characteristic of interfacial properties. 
Surfactants have lower dynamic surface tension and higher foamability than 
protein. The correlation of dynamic surface tension at and foamability has been 
presented. It seems that interfacial properties of wastewater similar with protein 
where there are superimposed points between them at the correlation. In future 
study, it suggest to verify this correlation with other type of surfactant and protein. 
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CHAPTER 1 
INTRODUCTION 
 
1.1 Presentation and Contexte 
Water is one of renewable resources that is used daily. The used water, 
including for washing, flushing, or industrial waste products contains waste 
products called wastewater. In France, wastewater treatment plants controlled by 
SIAAP (Syndicat Intercommunal pour l’Assainissement de l’Agglomeration 
Parisienne). This research is one of the program MOdeling, Control and 
Optimization of Water Treatment Processes (Mocopée) which is created by 
SIAAP. This program aims to characterize the material organic present occurred 
in wastewater treatment plants in order to anticipate and manage the foaming 
phenomena in industrial equipment.  
The foam formation gives bad effects in product performance reductions 
or process of production. It can also harm the safety of people, for example a 
malfunction of a safety valve. Many industries must be worry about the presence 
or persistence foams. Foam is a system dispersion gas in liquid.  As we know, 
surfactant is one of the factors that may influence the foaming phenomena. It 
could be surfactant, proteins, polymers or others compounds.  
Foam can be created when there is reduction of surface tension by 
surfactant. Surfactants molecules consist of two parts of different polarities and 
called amphiphilic molecules. The first part, hydrophobic, has an affinity for oils; 
while the second portion, hydrophilic, is soluble in water. Each type of surfactants 
has its own ability to create foam. Wastewater is fluids complexes which contains 
many compounds such as surfactant, polymers, proteins, etc because it comes 
from many process in our daily life. Those molecules can take influence in 
interfacial properties of wastewater. For that, we need to learn about interfacial 
properties during the foaming phenomena. 
In the previous research [1], interfacial properties and formation of foam 
in the samples of wastewater have been studied. There are seven samples that 
have been reported, but there are only two samples who have capacities of 
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foamability. These two samples are “Eau Alimentation” and “Eau TDJ”. 
Measurements of static and dynamic surface tension showed that the value of 
surface tension is significantly lower than pure water. In addition, the adsorption 
of molecules at the interface begins at short surface age and it indicates that the 
presence in the molecule occurred in the samples has good diffusion capacity and 
good surfactant properties. For the other samples, it remarks that the kinetics of 
adsorption of molecules at the interface are extremely slow that leads to weak 
foamability. The results obtained in this study show that the foaming and 
interfacial properties of wastewater are strongly linked [1].  
Thus, initially in this research we study about interfacial properties and 
foamability of pure surfactants and protein. Next, we use mixing surfactant and 
Mocopée samples to study also about their interfacial properties and foamability. 
The aim of this research is find correlation between interfacial properties and 
foaming ability in fluids complexes. In this project, we use Mocopée samples as 
solution model (fluids complexes). Moreover, in the future we would like to 
predict the foamability of fluids complexes by measure of interfacial properties in 
order to minimize utilisation of antifoam in wastewater treatment processes.   
  
1.2  Mocopée Project 
 The regulations about wastewater treatment have greatly evolved over the 
past two decades. The implementation of the European Directive on Urban Waste 
Water (1991), Framework Directive Water (2000) and more recently, at June 22nd 
2007, the national action plan on sanitation 2012-2018 leads to significant 
increase in demands on the quality of water that returned to the natural 
environment. Thereby, major French cities have led a policy of construction and 
modernization sanitation facilities. Effective technologies for the physicochemical 
and biological treatment of wastewater and by-products have been integrated into 
the treatment plants in main towns French (physicochemical lamellar settling, bio 
filter, membrane bioreactors, thermal dryers, etc). These intensive technologies 
help maintain a high technology of processing, control and it requires high level 
of technical and scientific expertise. In particular, issues metrology, monitoring 
and control of wastewater treatment processes are now positioned in the heart 
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industrial problems. In this context, SIAAP (Public Service Sanitation Paris - 
Syndicat Intercommunal pour l’Assainissement de l’Agglomeration Parisienne), 
IRSTEA (National Research Institute Science and Technology for Environment 
and Agriculture) and UTC (Université Technologie de Compiègne) have worked 
together to build a phase research program with current major industrial 
challenges. This is the Mocopée program: Modelling, Control and Optimization 
Water Treatment Processes [2].  
 
Figure 1. Four lines research of Mocopée [2] 
 
The program is built around four lines of research dedicated to: 
• Metrology applied to the purification of water 
• Modelling operation purification processes 
• The control of process control processing 
• Industrial innovation 
 
The Mocopée program identifies operating strategies for adjusting various 
treatment technologies according to imposed constraints (rain, varying loads, etc.), 
with more contributions of adapted aeration, reagents chemical, operational 
savings and reduced carbon footprint. The project allows to better detect operating 
deviations that is useful to optimize, and to improve the programming of 
preventive maintenance and to maintain the quality of long-term rejection. 
Finally, some new processes have been examined, their performances have been 
evaluated and their applications have been established [2].  
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CHAPTER 2 
STUDY BIBLIOGRAPHY 
  
 One of important property of liquid is surface tension. In our daily life, we 
often see the “skin” of liquid at the surface. It can be explained in Figure 2. The 
molecules inside the liquid are surrounded by neighboring molecules which make 
them having attractive intermolecular forces in all direction (balance force). But, 
at the surface, they have no neighboring molecules above and it leads to 
unbalanced force. This force makes surface molecules are pulled toward in the 
interior of the liquid since it has balance force and vapor has not strong attraction 
force. A net of this unbalanced force results in surface tension [4]. Water has high 
surface tension because of its hydrogen bonding between their molecules. It is 
known that surface tension of water about 72,75 mN/m at 200C [5]. 
 
Figure 2. Surface tension 
 
Static surface tension occurred when surface tension in condition of equilibrium. 
In this condition, there is no molecules moving forward at surface. Before it 
reaches equilibrium, molecules are forced to the surface, the measured of surface 
tension should be different from the system of equilibrium. At that time, this 
phenomene creates “new surface” and it is referred to “dynamic surface tension” 
[6].   
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Figure 3. Dynamic Surface Tension [6] 
2.1 Foaming Phenomena 
Surfactants and CMC 
Surfactant is molecule amphiphilic which has hydrophobic nonpolar and 
hydrophilic polar part. Because of its polar and nonpolar parts, surfactant will able 
to be more or less soluble in water. When it is added to an aqueous solution, it 
will minimize contact between the hydrophobic part and water which leads to 
adsorption in interfaces and it will cause a decrease in interfacial tension between 
air/water. At one point, the system interface is saturated with surfactants; the 
molecules have ability to make an aggregate called “micellisation” (Figure 5). The 
concentration at which the monomers begin to form micelles (spherical assembly) 
is defined as the critical micelle concentration (CMC) [7]. 
 
Figure 4. Surfactant structure and CMC [7] 
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Figure 5. Determination of CMC [8] 
Adsorption at the interfaces causes a decrease in the interfacial tensions and 
responsible for wetting phenomena, dispersion, detergent and emulsification. The 
hydrophilic part and a hydrophobic part of surfactant tend to move and 
concentrate so it increases attractive interactions. When those molecules adsorbed 
at the surface, it creates surface gradient. Surface gradient is maximal when it 
reaches concentration slightly below the CMC. Because after that, while the 
interface is saturated (CMC), the interfacial tension is minimal and constant. In 
theory, maximum foamability is happened when surface gradient is maximal 
which is occurred at CMC or slightly below CMC. In practice, it is not important 
to use higher concentration in order to have good foamability because it has 
constant foamability in concentration above the CMC [9].   
 
Foaming Phenomena 
The utilization of surfactant can leads to foaming phenomena. We can define 
foam as a dispersion of gas in liquid and can be formed by natural phenomena or 
industrial operation like agitation of solutions containing surfactant molecules. 
Foamability and foam stability are relevant properties for many industrial 
applications such as food processing, foam processing of textiles, personal care 
products, enhanced oil recovery, and firefighting. In some products, we need the 
formation of large amounts of stable foam like shampoos or shower gels. 
However in some case, the presence of foam in an industrial product or process 
may not be desirable like in operations of distillation and wastewater treatment. In 
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theory, foams are thermodynamically unstable systems. Foams are essentially 
unstable and tend to collapse to a liquid. All foams are the metastable system and 
they evolve with the time [10].  
Foam is destabilized by three mechanisms: drainage, coalescence and coarsening. 
Drainage of liquid refers to separation of the gas and the liquid by the flow of 
liquid out of foam due to the difference in density. Drainage makes the liquid 
fraction lower and leads to drier foams without changing the bubble rayon. It is 
the effect of gravity and the Archimedes force. Bubble coalescence happens when 
the film between two bubbles is unstable, the film can be broken with the leading 
to the merging of two bubbles. Third mechanism is foam coarsening. Coarsening 
is gas diffusion between bubbles of different rayon due to differences in the 
Laplace pressure (the smaller the bubble the higher the pressure). The gas is 
transferred from smaller to bigger bubbles leading to disappearance of smaller 
bubbles. Overall, this leads to the growth of the average bubble size with the time. 
This process changes the bubble rayon but does not change the fraction of liquid. 
All three mechanisms are strongly coupled and they can be happened at the same 
time. For example, a foam which has drained a lot, coalesces and coarsens more 
easily [11].  
 
Importance of Micellar Kinetics 
 As we know, surfactant molecule dispersed as monomers and when it is 
saturated, it starts to form micelles and adsorbs as a film at the air/liquid interface. 
Micelles are reservoirs of surfactant in solution. The micelles are continuously 
decaying and reassembling to provide monomers at the surface. Actually, micelles 
are in dynamic equilibrium state with monomers surfactant and it continuously 
exchanged between the bulk (inside solution) and micelles. In equilibrium 
condition, the rate of micelle conformation is equal to the rate of decay into 
individual surfactant [12]. 
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Figure 6. Adsorption surfactant and disintegration of micelles during foaming 
phenomena [10] 
 
Figure 6 shows illustration of micelle disintegration in foaming processes. There 
is air which blown into surfactant solution. Suddenly there is new interfacial area 
created in the form of bubbles. The new interfacial area has to be stabilized by an 
adsorbed film of surfactant molecules which come from monomers in bulk 
solution and micelles (if above CMC). To provide monomers at surface, micelles 
need to breakup and release monomers. If the equilibrium condition occurred 
quickly, the micelles are breakup easily and provide monomers fast enough at the 
surface. In contrary, if the equilibrium of dynamic condition is occurred slowly, 
the micelles are very stable, they cannot provide monomers fast enough and the 
dynamic surface tension remains higher. (Figure 7) [12]. 
 
Figure 7. Effect of micellar stability in dynamic surface tension [12] 
Importance of Foamability Method 
 It was shown before that dynamic equilibrium in micelle played a role in 
dynamic surface tension. Patist et al [12] studied about the influence of interfacial 
properties in different method of foamability. They use two methods of 
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foamability, first is single capillary method and second is shaking method. They 
use three surfactants which are Synperonic A7, Brij 35, and Synperonic A50 [12].  
 
Figure 8. Different method of foamability in 2 mm solutions of surfactant [12] 
 
 From Figure 8, the different foaming method results different result in 
foamability. In single capillary method, Synperonic A7 produces the most amount 
of foam but it produces the least amount of foam when it is used in shaking 
method. This can be explained because in single capillary method, the interface 
creates in sufficient time (not too quick) and it leads to the dynamic surface 
tension approaches equilibrium surface tension values (long bubble lifetimes). It 
has been known that Synperonic A7 has the lowest equilibrium surface tension 
than the others so that the foam volumes produced will be in the order Synperonic 
A7 > Brij 35 > Synperonic A50 [12].  
 In shaking method (hand strength of shaking), a large interfacial area is 
created very quickly, the breakup of micelles determines the supplies surfactant 
and hence the foamability. Since the dynamic of micelles in Synperonic A7 are 
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the others, higher dynamic surface tensions are attained and then less foam is 
created [12]. 
 
Dynamic Surface Tension and Foamability Surfactants (Triton X100 and 
SDS) 
The dynamic surface tension of Triton X100 solutions by bubble pressure 
tensiometry has been studied. From equilibrium surface tension studies, the CMC 
were determined as 0.25 mmol/l. From Figure 9, it is shown that with 
concentration is increased, the rate of surface tension lowering becomes higher 
and the system attains adsorption equilibrium earlier than at the CMC [13].  
 
Figure 9. Dynamic surface tension Triton X100 0.2 mmol/l (Δ, CMC), 0.5 mmol/l 
(■), 1 mmol/l (◊) and 2 mmol/l(•) [13]. 
 
The foamability of dodecyl sulfate in different type of counterions has been 
studied. Foamability has been studied by shaking method where foam is produced 
quickly by rapid shaking of cylinder causing a quick expansion of interfacial area. 
From the results in Figure 11, for LiDS and NaDS surfactant system, the dynamic 
equilibrium of micelles is quick, thus it can supply all the monomer that is 
required to stabilize the interfacial area [14].  
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Figure 10. Foamability as a function of counterion dodecyl sulfate surfactant at 50 
mM concentration [14] 
 
Protein Foamability 
Proteins are often used in emulsion especially in food industry. Protein has 
membrane that contains of amphiphilic molecules [15]. This molecule has 
hydrophilic part which likes water and hydrophobic part which hates water. 
Because of this structure, protein adsorbs onto air/water interface as well as 
liquid/liquid and stabilizes foams and emulsions. Utilization of amphiphilic 
molecules will attain at one point saturation which is called critical concentration 
and indicates the minimum concentration where the first formation of 
intramolecular hydrogen bonding (CHC), micellar (CMC), or other aggregate 
(CAC) is occurred. Each type of amphiphilic molecule has different parameter, 
i.e: CMC is general parameter of surfactant, but CAC is important parameter for 
protein [16].   
 
It has been found that the aggregate in casein (milk protein) at three different 
concentrations (0.05; 0.3; 0.8 g/L). This aggregates are found in thin film studies. 
They find thick spots and interpreted as aggregates which contains of many 
micelles and trapped in the film. By increasing concentration, there is more 
aggregate created [17].  
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Figure 11. Casein aggregat in thin film studies (a) 0.05 g/L (b) 0.3 g/L (c) 0.8 g/L 
[17] 
 
Protein has a high molecular weight. Thus, it is difficult to compare their surface 
active properties with general surfactants. Foaming properties of proteins are 
influenced by a many number of parameters including thermal or chemical 
conditions, method of foaming, whipping time and the physical and chemical 
properties of the proteins as well as the environmental factors like ionic strength 
or pH [18].  
 
There is study about foamability of BSA and SDS. The experimental setup 
consists of Hele Shaw cell. This method can give information such as foamability, 
the drainage rate, the foam structure and its foamability. The BSA concentration 
ranges from 1.5 x 10-7 mol/dm3 to 1.5 x 10-6 mol/dm3 while the concentration 
SDS was between 0.001 mol/dm3 and 0.1 mol/dm3. In foamability, the 
experiment result showed that BSA solutions produced foams in smaller quantity 
than SDS which means the average bubble size is larger for the BSA [18].  
 
2.2 Wastewater Treatment Processes (General) 
Wastewater contains pollution from many different sources like restaurants, 
houses, toilets, etc. Organic and inorganic substances which were released into the 
environment as a result of domestic, agricultural and industrial water activities 
lead to organic and inorganic pollution. The main goal of wastewater treatment 
process is the removal of biochemical oxygen demand (BOD), suspended solids, 
nutrients (NO3- -N, -N,NO2- -N, NH4+ -N and PO43- -P), coliform bacteria, and 
toxicity in order to get purified water. BOD defines the ability of microorganisms 
to oxidize organic materials to CO2 and water using molecular oxygen as an 
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oxidizing agent [19].  There are four importants steps in wastewater treatment 
processes which are: 
 
Figure 12. Wastewater treatment processes 
Preliminary treatment 
The preliminary treatment generally includes processes that remove large solid 
materials delivered by sewers. These materials are composed of floating objects 
such as plastics, woods, fecal material and heavier grit particles. This step is 
important in order to protect the equipments. [19]. 
Primary Treatment 
After removing large solid materials, sewage is passed to the sedimentation tanks, 
whose aim is to remove the settleable solids by gravity. This sedimentation aims 
to separate the material such as sands which is non-degradable material. Solids 
removal with optimum and good condition designed sedimentation tank can 
remove 40% of the BOD in the form of settleable solids [19]. 
Secondary Treatment 
The secondary treatment process aims to remove organic materials in effluent. In 
this step, usually microorganisms that utilize the organic constituent for energy 
and growth are involved. Besides, an aeration tank to make an aerobic condition is 
applied there also. One of important equipment is fixed film reactors who have 
biofilms attached to a fixed surface. These biofilms have organic compounds 
which are absorbed into the biofilm and aerobically degraded. In activated sludge 
reactors, the microorganisms mix freely with the wastewater and they are kept in 
suspension by mechanical agitation or mixing by air diffusers [19]. 
Tertiary Treatment 
Tertiary treatment process aims to remove all organic ions by biological or 
chemical processes. The biological tertiary treatment process is better than 
chemical processes due to expensive  cost and may leads into secondary pollution 
[20]. The examples of advanced treatments are : chemical precipitation, 
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ozonation, reverse osmosis or carbon adsorption. These treatments include 
processes designed to remove particular nutrients, like phosporus or nitrogen, 
which can result eutrophication in certain situations [19].  
Disinfection of wastewater 
Those three treatments cannot perfectly remove 100% of the wasteload. It still 
contains which many microorganisms and needs to be treated again. Disinfection 
is the treatment of the effluent aims to eliminate pathogenic bacterias. There are 
variety of physical or chemical methods to destroy microorganisms under certain 
conditions. The example of physical methods are heating to boiling or incineration 
other irradiation with X-rays or ultraviolet rays and chemical methods might use 
of strong acids, alcohols or a variety of oxidizing chemicals or surface active 
agents (such as special detergents) [19]. 
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CHAPTER 3 
MATERIELS AND METHODS 
 
3.1 Materiels 
We are using four compounds which often many utilized in the industries 
and we would like to compare result with samples in Mocopée. 
SLES (Sodium Lauryl Ether Sulfate) 
SLES is surfactant anionic. They are the most used surfactant in industry. 
It is very good detergent with a high foaming power; they are easy to rinse. 
Moreover, they are easily accessible and inexpensive. We are using SLES from 
Thor Company which usually used in personal care products, for example 
shampoos, soaps.  SLES and SDS are both anionic surfactants having similar 
molecular structure. But SLES has a unique structural difference due to the 
presence of Ethylene Oxide units spacing the hydrophilic and hydrophobic parts. 
Molecular weight of SLES is 420 g/mol and the structure is at Figure 13. 
 
Figure 13. Sodium Lauryl Ether Sulfate 
Triton X-100 
Triton X-100 was purchased from Alfa Aesar Germany. It is a non-ionic 
surfactant with molecular weight 420 g/mol. The structure is shown in Figure 14. 
 
Figure 14. Triton X-100 [14] 
SDS (Sodium Dodecyl Sulfate) 
SDS was purchased from Merck (Germany). It is an anionic surfactant 
with molecular weight 288,4 g/mol. The structure is shown in Figure 15. 
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Figure 15. Sodium Dodecyl Sulfate 
BSA (Bovine Serum Albumine) 
BSA is a single chain protein belonging to the class of serum albumins. 
Our BSA was obtained from Amresco and it needs to be kept in refrigerator at 
40C. The molecular weight is 66411 g/mol. The structure is more complex. 
 
Figure 16. Structure of Bovine Serum Albumine 
Mocopée Samples  
No Name Date Informations 
1 Decantée filtré (EDF) 28 April 2015 Treated by 
filtration (SIAAP) 
2 Decantée brute (EDB) 28 April 2015 Not treated 
3 Liqueur Mixte SAM (LM 
SAM) 
28 April 2015 The samples are 
been treated by 
centrifugation and 
filtration (SIAAP) 
4 Alimentation TDJ (Alim TDJ) 28 April 2015 
5 Liqueur Mixte TDJ (LM TDJ) 28 April 2015 
 
3.2 Methods 
The details of protocole experimental is shown in Appendix (A1). Every 
measurement in temperature 25 ± 30 C. 
Wilhelmy Plate Method 
This method is necessary to determine the surface tension static. We 
choose some concentrations and try to verify the value of CMC for each 
surfactant. A platinum plate is suspended from the arm of a balance and then the 
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plate is immersed in a liquid. If the liquid is a good wetting agent, a meniscus will 
be formed and will exert a capillary force on the solid (Figure 17). This capillary 
force is proportional to the surface tension. This method measures the surface 
tension in function of time, and determines the value at equilibrium (surface 
tension static) [8]. Repeatability: measurement Triton X100 for 3 times, SLES for 
1 times, SDS for 1 times, BSA for 3 times, wastewater samples for 1 times, 
mixing surfactants for 1 time.  
The platinum plate is passed to the flame before each experiment in order 
to activate the surface and get a contact angle of 0 (perfect wetting). 
 
 
 
 
 
 
 
 
 
Bubble Pressure Dynamic Method 
This method determines the maximum pressure generated during the 
formation of inert gas bubbles (nitrogen) at the end of a capillary of radius 0,378 
mm while the capillary is immersed to a depth 10 mm in the liquid studied (Figure 
18). When the bubble is formed, its radius curvature increases then the pressure 
inside the bubble increases. After that reaches the radius maximum value when 
the bubble forms a half-sphere. It happens when the radius curvature of the bubble 
is equal to radius of the capillary (Figure 19). After that, the bubble radius grows 
again and pressure inside the bubble decreases. The measured value of the surface 
tension corresponds to certain time between the beginnings of the formation of 
bubbles until the appearance of the maximum pressure. Dynamic surface tension 
is able to determine the surfactant kinetics and how it influences under dynamic 
condition. Repeatability: every solution has been measured for 2 times. 
Figure 17. Wilhelmy Plate Method 
γ = surface tension static 
m = masse of plate 
g = gravity acceleration  
L = length of plate 
D = plate width 
θ = contact angle 
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Based on Laplace equation, dynamic surface tension (γ) can be determined 
[1]: 
 
 
Figure 18. Bubble Pressure Dynamic Method 
 
Figure 19. Radius curvature is equal to radius capillary (r3) 
Bikerman Method 
This method comprises of generating foam in a column which is already 
containing the solution (20 mL). This is performed by a constant flow of gas 
through a sintered or any other device producing small bubbles. The formed foam 
accumulates in the column. Thus, its volume increases as time goes by. The top of 
the foam tends to raise in the column at the same time it ages (for drainage). After 
some time, the foam at the top begin to break. The height of the obtained plateau 
gives an index that combines stability and foamability. Repeatability: every 
solution has been measured for 3 times. 
 
 
 
 
 
Figure 20. Bikerman Method [9] 
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CHAPTER 4 
RESULTS AND DISCUSSIONS 
 
4.1      Pure Surfactants and Protein 
4.1.1  CMC Value 
We are using Wilhelmy plate method to verify the value of CMC for each 
surfactant. Here, we choose some concentrations and take measurement about 
300s in each experiment for surfactant. At the other side, protein needs longer 
time for this measurement. We can see that surface tension decreases on function 
of time. It means that surface tension is related to the number of surfactant 
molecule per unit area adsorbed at the air/water interface. At one point of 
concentration, the surface tension remains constant and it is called CMC (critical 
micelle concentration). Recapitulation of data CMC (CAC for protein) and γCMC 
(γCAC for protein) are shown in Table 1. 
 
(a)                                                                          (b) 
Figure 21. CMC value of Triton X100; (a) graph CMC and (b) time for reach 
equilibrium 
 
(a)                                                                          (b) 
Figure 22. CMC value of SLES; (a) graph CMC (b) time for reach equilibrium 
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Table 1. Recapitulation CMC and surface tension CMC 
Compound CMC experiment 
(g/l) 
CMC 
experiment 
(mmol/l) 
γ CMC 
experiment 
(mN/m) 
CMC (mmol/l) and 
γCMC (mN/m) 
literature 
Triton X-100 0.19   0.3 32 0.4 and 30 [22] 
SLES 0.21   0.5 26 0.2 and 23 [23] 
SDS 2.5  8.5 36 9 and 35 [24] 
BSA CAC : 26.5  CAC : 0.0004 γCAC : 54 0.0003 and 56 [18] 
  
 
(a)                                                                          (b) 
Figure 23. (a) CMC graph of SDS (b) time for reach equilibrium for SDS 
 
 
(a)                                                                          (b) 
Figure 24. CMC value of BSA; (a) graph CMC (b) time for reach equilibrium 
 In case of BSA, the experimental result is not quite good because it has 
high standard deviation. We take the value of CAC about 0.01 g/l and it 
corresponds the same result with [18]. Based on [16], protein has different 
parameter called CAC because it makes aggregate when it reaches saturated 
condition. Based on experimental data, protein reached the equilibrium condition 
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in longer time about 30 minutes. This may be happened because the aggregation 
in protein cannot breakup easily [15]. However, the surface tension decreases with 
increasing protein concentration. Hence, we can say that amount of the protein 
might influence surface tension decrease. 
 
4.1.2       Dynamic Surface Tension and Foamability 
On part (a) in Figure 25, Figure 26, Figure 27, Figure 28, we can see the results of 
dynamic surface tension studies performed by the bubble pressure tensiometry. In 
this method, we choose 6 different concentrations which are 2 below CMC, at 
CMC, and 3 above CMC. It shows that by increasing concentration, the rate of 
surface tension decrease becomes higher because the amount of surfactant is 
increased. So that, the adsorption at the surface is faster and dynamic surface 
tension decreases. From that result, we can compare the results in three 
surfactants. In Figure 25 (a) the experiment results shows similar results with 
literature (different concentration) where dynamic surface tension decreases when 
concentration is augmented [13]. In other part, Figure 28 shows the decrease 
dynamic surface tension in BSA. It has a little rate of surface tension decrease and 
there is no big difference between different concentrations.    
 
(a)                                                                          (b) 
Figure 25. (a) Dynamic surface tension Triton X100; (b) Foamability Triton X100 
 
If we compare the results of their dynamic surface tension, we can see that 
dynamic surface tension of BSA remains high and it seems that the aggregates are 
more stable than the micelles of surfactants. This condition may be similar with 
what happened in [17], BSA might create aggregates which probably containing 
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many BSA micelles which cannot breakup easily. For surfactants, at concentration 
below the CMC, dynamic surface tension is higher than concentration above the 
CMC. It is due to quantity of monomer only provided by bulk solution for 
concentration below CMC. For concentration above CMC, it seems that micelle 
kinetics have role in decrease surface tension as discussed in literature [12]. As we 
can see that dynamic surface tension is lower when concentration is increased for 
all surfactants. It means that the dynamic equilibrium of micelles are fast. Thus, 
they can breakup easily and supply monomer surfactants at interface so that lower 
dynamic surface tension is obtained [12]. 
 
(a)                                                                          (b) 
Figure 26. (a) Dynamic Surface Tension SLES; (b) Foamability SLES 
 
On part (b) in Figure 25, Figure 26, Figure 27, Figure 28, we can see the results of 
foamability studies performed by the Bikerman method. In those figures, by 
increasing concentration, the foamability is increased too. It is confirmed that 
surfactant has a significant role in foaming phenomena by decreasing surface 
tension (dynamic surface tension). Molecules of surfactants are diffusing to the 
surface and adsorb at new created interface which is measured as dynamic surface 
tension [6]. However, the concentrations above CMC have a good foamability. If 
we relate this with the results in literature, it shows that fast dynamic equilibrium 
of micelle leads to lower dynamic surface tension and higher foamability [12]. For 
protein, we have different result, the decrease of surface tension is low as 
compared to surfactants otherwise it may capable in creating foam (concentration 
above CAC) as we can see in Figure 28 (b).   
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(a)                                                                          (b) 
Figure 27. (a) Dynamic surface tension SDS; (b) Foamability SDS 
 
 
(a)                                                                          (b) 
Figure 28. (a) Dynamic surface tension BSA ; (b) Foamability BSA 
 
4.2 Mixing Surfactants and Protein 
In order to study about the interfacial properties of surfactant and protein in 
solution, we make a mixing solution contains of Triton X100 (0.33 g/l), SLES 
(0.33 g/l) and BSA (0.33 g/l) with the same proportion in mass. After that, we 
make some dilutions and try to find the static surface tension. We are not adding 
SDS because it may attack the structure of protein [25]. From Figure 29, the 
system attains equilibrium quite fast and by increasing concentration, it has lower 
surface tension. Moreover, the exact values of static surface tension can be seen in 
CMC graph (Figure 30). 
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 Figure 29. Static Surface Tension Mixing Surfactant and Protein 
 
Figure 30. CMC graph of mixing surfactant and protein 
At Figure 31, we can learn about dynamic surface tension and foamability of 
mixing solution. The result is quite similar with the surface tension lowering in 
surfactant. It can be happened because surfactant has major proportion in mixing 
solution so that it affects the interfacial properties for whole solution. However, 
the system attains adsorption equilibrium in longtime because it contains fluids 
complexes. Mixing solution has a good foamability and foam stability which is 
shown in Figure 31 (b). This phenomena is related with amount of surfactants and 
protein which controls this capacity.  
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(a)                                                                          (b) 
Figure 31. (a) Dynamic Surface Tension Mixing Surfactant and Protein; (b) 
Foamability Mixing Surfactant and Protein 
 
4.3 Wastewater Samples 
4.3.1 Static Surface Tension 
 
Figure 32. Static Surface Tension Wastewater Samples 
 
Table 2. Data Static Surface Tension of Wastewater Samples 
Samples Surface Tension 
(mN/m) 
Times (s) 
Decantée Filtré 53,6 1600 
Decantée Brute 46,38 1600 
Liqueur Mixte SAM 72,35 1800 
Alimentation TDJ 47,86 1200 
Liqueur Mixte TDJ 59,42 2400 
 
28 
 
 
Figure 33. Foamability of wastewater samples (Bikerman method) 
 
We have five different samples of wastewater. First of all, we want to 
check static surface tension for each sample. In Figure 32, Alimentation TDJ 
reaches equilibrium quite fast, but the other samples need more time. “Liqueur 
Mixte SAM” has surface tension of 72.35 mN/m which is close to surface tension 
of water then we may assume that it contains surfactants in small quantity. For the 
other samples, it has surface tension smaller than surface tension of water. So that 
it is possible that it contains the molecule surfactants or protein inside. However, 
if we compare this result, “decantée brute” has smallest surface tension than other 
samples. But, if we see in Figure 33, it has low foamability so the static surface 
tension has no direct correlation with foamability.  
4.3.2 Dynamic Surface Tension and Foamability  
In order to verify the foamability in these samples, we are using 
Bikerman method. Figure 34 shows the different foamability of 5 wastewater 
samples. As we can see from the figure below, “Alimentation TDJ” has the 
greatest foamability and the other samples have similar foamability (about 25-35 
ml). Since the first Bikerman method (150 cm3/minute) cannot see the difference 
between 4 samples except “Alimentation TDJ”, we are using different parameter 
to see the difference between 4 samples. We do not use “Alimentation TDJ” in 
this parameter because there would be more foam created. In Figure 35, there is 
different result with Figure 34, it shows that EDF and EDB have greater 
foamability than the others even the difference is not really significant. The 
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photographs for this measurement can be seen in Appendix 2. This can be 
happened because the observation is quite difficult since the foam is not stable.  
 
Figure 34. Foamability of Wastewater Samples 
 
Figure 35. Foamability of 4 wastewater samples (250 cm3/min, 15 min) 
 
After that, we make dilution for each sample to see the dynamic surface 
tension and foamability. We do not make dilution for “Liqueur Mixte SAM 
“because its static surface tension is approximately close to surface tension of 
pure water. In Figure 36-Figure 40, we can see results for each samples. 
“Decantée filtré”, “decantée brute”, “liqueur mixte SAM” and “liqueur mixte 
TDJ” have a low rate of surface tension decrease. Because of that we have 
assumption that it contains molecules that have dynamic equilibrium quite slow. 
As discussed before, it is related with the surface tension lowering at dynamic 
surface tension which may create more foam [12]. From Figure 40, there is a 
tendency that dynamic surface tension decrease in function of surface age for 
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“Alimentation TDJ”. Based on this result, there is possibility that it contains 
molecules that have fast dynamic equilibrium. 
 
(a)                                                                          (b) 
Figure 36. Dynamic Surface Tension (a) and (b) Foamability of Decantée Filtré 
 
(a)                                                                          (b) 
Figure 37. Dynamic Surface Tension (a) and Foamability (b) of Decantée Brute 
 
(a)                                                                          (b) 
Figure 38. Dynamic Surface Tension (a) and (b) Foamability of Liqueur Mixte 
SAM 
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(a)                                                                          (b) 
Figure 39. Dynamic Surface Tension (a) and Foamability (b) of Liqueur Mixte 
TDJ 
 
(a)                                                                          (b)       
Figure 40. Dynamic Surface Tension (a) and Foamability (b) of Alimentation TDJ 
 
4.4  Correlations 
After we have measured interfacial properties and foamability for each 
surfactant, protein and wastewater samples, we try to find the correlation between 
them. Figure 41 shows the tendency of foamability by increasing concentration. 
For surfactants, formation of foam is augmented by increasing concentration and 
at CMC it attains height maximum of foam. This can be explained because when 
it reaches CMC, the surface tension is minimum too so that it corresponds at 
maximum foamability of surfactant solution. In addition, as described in [9] who 
said that maximum foamability reaches when concentration slightly below the 
CMC. The different tendency is seen from BSA where the maximum foamability 
may attain at concentrations about 5 times of CAC. This may be happened 
because of different structure between protein and surfactant. This protein creates 
aggregate that cannot breakup easily [17]. 
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Figure 41. Foamability of Surfactants and BSA 
Figure 42 shows correlation of dynamic surface tension in function of 
concentration. When concentration is increased, dynamic surface tension 
decreased. The dynamic surface tension seems stable for surfactant start from 
about CMC concentration. Otherwise, BSA has no big difference by increasing its 
temperature which means it has low rate of surface tension lowering in dynamic 
surface tension. Nevertheless, based on Figure 41, it has good foamability too, 
even lower than pure surfactant. 
 
Figure 42. Dynamic Surface Tension of Surfactants and BSA 
Figure 43 shows the correlation between dynamic surface tension at 100 
ms (0,1 s) and height of foam at 30 s (foamability). All of materials (surfactants, 
protein, and samples of wastewater) are superimposed so that we cannot see the 
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difference between them. There are variations the volume of foam (20-90 ml) in 
dynamic surface tension above 70 mN/m and it includes surfactants, proteins, 
mixing surfactants and wastewater samples. 
 
Figure 43. Correlation of Dynamic Surface Tension 100 ms and 
Foamability 
Figure 44 shows the correlation between dynamic surface tension at 
10000 ms (10 s) and height of foam at 30 s (foamability). A few points of 
surfactants, all points of BSA, and wastewater samples are superimposed, which 
make one graph light blue. This graph shows that even with dynamic surface 
tension remains high, foams are still produced by system. The other side, some 
points of surfactants are superimposed and create one graph (dark blue). It shows 
that the volume of foam increasing by surface tension decrease. However it 
depends to concentration and type of surfactants too. Based on this graph, it is 
possible that Alimentation TDJ has similar interfacial properties with protein 
(BSA) since some points are superimposed. However, it needs to be verified with 
other type of surfactant and protein.   
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 Figure 44. Correlation of Dynamic Surface Tension 10000 ms and Foamability 
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CHAPTER 5 
CONCLUSION 
 
The interfacial properties and foamability of surfactants and protein have 
been studied. From the results of experiments and discussion, surfactants and 
proteins have different characteristic of interfacial properties. Surfactants have 
lower dynamic surface tension and higher foamability than protein. This 
phenomena may be explained by the dynamic equilibrium of micelles and 
surfactant monomers at bulk solution. When the dynamic equilibrium is fast thus 
micelles are disintegrating easily and provide monomers at the surface. In 
contrary, proteins have aggregate which contains many micelles and cannot 
breakup easily. Nevertheless, in this experiment BSA shows with higher dynamic 
surface tension, it may has good foamability too for concentrations above 5 CAC.  
 In mixing solution, the result shows the majority role of surfactant and its 
interfacial properties are quite similar with surfactants. From five different of 
wastewater samples, only one samples has good foamability (Alimentation TDJ). 
In measurement of interfacial properties, its rate of surface tension decrease is 
higher than the other samples. The rate of surface tension decrease of this fluids 
complexes is similar with protein. The correlation of dynamic surface tension at 
10 s and foamability has been shown the interfacial properties of Alimentation 
TDJ is close to BSA. In future study, this correlation needs to be verified with 
other type of surfactants and protein because in wastewater could be contains of 
many chemical and biological substances. 
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APPENDICES 
 
1. Protocole Experimental 
Prepare Solutions 
1. Measure weight of the sample on the analytical balance. 
2. Pour the sample into a 100 ml flask and measure the total weight. 
3. Add distilled water until 100 g. 
(Here, the sample density is approximately 1 g / cm3. Thus, dilutions are by 
percentage weight) 
4. Depending on the experimental needs, dilute the stock solution 
Wilhelmy Plate Method 
Equipment Specifications: Tensiometry K100 Kruss 
1. Turn the monitor on and temperature control system. 
2. To establish a measurement of the surface tension of the sample on a 
LABDESK software, select "New measurement" and select "Plate." Platinum 
plate is used. 
3. In the "General Description" section, enter the name of the measure. 
4. In the "Measurement Configuration" 
a) Under the "Liquid" tab, enter the names of the liquid: water 
b) Under the "Procedure" tab, enter the speed detection 6 mm / min, the 
detection sensitivity 0,01g, the immersion depth is 2.00 mm, the number of 
values is 20, the maximum duration of measurement is 300 s but for water is 
60 seconds. For protein and wastewater samples are 1800-2400 s. 
c) Under the "Vessel" tab, enter the type of vessel: "SV10 43.5 ml glass 50 
mm." 
5. Choose "OK". 
6. Wash the vessel with distilled water, rinsed with acetone 
7. Add distilled water in the tank. 
8. Wash the plate with distilled water, rinsed with acetone and move the plate 
in the flame (blue section). 
9. Insert the plate and vessel in the measuring equipment. 
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10. Push "OK" and "Start" on the software and start measuring. 
11. Check that the surface tension of water approaches 72.8 mN / m. 
12. Repeat step 6-10 for measuring the surface tension of the sample studied. 
Bubble Pressure Dynamic Method 
Specification of the device: BP2 Kruss 
1. Turn the PC session: Kruss 
 
3. Turn on the device: button at the back of equipment 
4. Preparation experiment: 
a) Open nitrogen gas bottle 3-3.5 bar 
b) Check horizontality bubble  
c) Select capillary A2978S 
d) Wash and capillary with acetone + water and put in the oven for 5 minutes 
e) Put capillary at the equipment 
f) Fill the vessel with the solution or pure water (for measure capillary 
diameter) (until ¾ vessel) 
g) Mount vessel (right wheel) 
h) Push ‘’surface detection’’ button 
i) Immerse the capillary (1/2 turn) 
5. Measuring capillary diameter, in the "New Measurement" section: 
"Capillary Diameter" 
b) Under the "Liquid" tab enter the name: water 
c) Under the "Procedure" tab, enter "immersion depth" 10 mm, "rinsing time" 
5 ms "stirring speed": 0% 
d) Under the "Vessel" tab, enter the type of tank "SV10 43.5 ml glass 50 
mm." 
e) In the "plot" tab: ordinate: maximum pressure (kPa) and absis: Surface age 
(ms) 
 
7. Measuring Dynamic Surface Tension in the "New Measurement" section: 
"Bubble Pressure" 
a) Under the "Liquid" tab enter the name: water 
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b) Under the "Procedure" tab, choose "Surface only age" and "start at bubble 
age: 20 ms" and "stop at bubble age: 10000 ms", "Acquisition: log", "Value 
5", " Rinsing time: 5s "," Immersion Depth: 10 mm " 
c) Under the "Vessel" tab, enter the type of tank "SV10 43.5 ml glass 50 
mm." 
d) In the "plot" tab: ordinate: surface tension (mN / m) and absis: Surface age 
(ms) 
 
Bikerman Method 
1. Open the bottle nitrogen gas 
2. Wash the sintered-glass filter with water and acetone  
3. Fill the sintered-glass filter with the sample until 20 ml 
4. Prepare the stopwatch, press "start" and open the gas flow rate 150 
cm3/minute for 30 seconds, take note the height of the foam 
5. Reduce the gas flow to 0 cm3 / minute and take note the height of the foam 
every 30 seconds until 5 minutes. 
6. Repeat step 2-5 for each sample 
 
2. Documentation of Observation 
Photo of “Alimentation TDJ” with Bikerman method (150 cm3/minute for 30s  
left) and after 5 minutes  right. 
 
Photos of “Decantee brute”, “Decantee filtre”, “Liqueur Mixte SAM”, “Liqueur 
Mixte TDJ” with different parameter of Bikerman Method (250 cm3/minute for 
15 minutes  left) and after 5 minutes  right. 
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